Many ecological and evolutionary processes in animals depend upon microbial 19 symbioses. In spiders, the role of the microbiome in these processes remains mostly unknown. We 20 compared the microbiome between populations, individuals, and tissue types of a range-expanding 21 spider, using 16S rRNA gene sequencing. Our study is one of the first to go beyond targeting known 22 endosymbionts in spiders, and characterizes the total microbiome across different body 23 compartments (leg, prosoma, hemolymph, book lungs, ovaries, silk glands, midgut, and fecal 24 pellets). Overall, the microbiome differs significantly between populations and individuals, but not 25 between tissue types. The microbiome of the wasp spider Argiope bruennichi features a novel 26 dominant bacterial symbiont, which is abundant in every tissue type in spiders from geographically 27 distinct populations, and present in offspring. The novel symbiont is affiliated with the Tenericutes, 28 but has low sequence identity (<85%) to all previously named taxa, suggesting that the novel 29 symbiont represents a new bacterial clade. Its presence in offspring implies that it is vertically 30 transmitted. Our results shed light on the processes which shape microbiome differentiation in this 31 species, and raise several questions about the implications of the novel dominant bacterial symbiont 32 on the biology and evolution of its host.
ASVs). Details of the ASVs in these most abundant classes can be found in Supplementary Table S1 .
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ASVs with the highest abundance (more than 500 reads post-filtering), other than DUSA, were 
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Unknown Symbiont (DUSA) is separated from other unknown sequences, which were of low abundance.
242
Asterisks (*) denote tissue types which had sample size lower than 2 (Estonia Ovaries: n = 1, Estonia Hemolymph: 243 n=1) due to problems with extraction. With DUSA excluded from the analysis, tissue types did not differ significantly in microbiome 257 community composition (PERMANOVA, R 2 = 0.180, p = 0.366). However, microbiome community 258 composition varied significantly between populations (PERMANOVA, R 2 = 0.045, p < 0.01) and individuals (PERMANOVA, R 2 = 0.059, p < 0.001). The interaction between individual and population 260 was also significant (PERMANOVA, R 2 = 0.044, p < 0.01) ( Figure 3 ).
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With DUSA included in the analysis, the results were similar but p-and R 2 -values were slightly 262 different: tissue type: PERMANOVA R 2 = 0.231, p = 0.131; population: PERMANOVA R 2 = 0.039, p < 
294
Of the three mollicute ASVs detected in our samples, two were assigned to the genus 295 Spiroplasma, but were detected in very low abundance. The third was assigned to the genus 296 Mesoplasma, and was the second-most abundant ASV in our study. It was only found to be abundant 297 in German spiders, and primarily in midgut and fecal pellet samples from a single individual. If this
298
Mesoplasma ASV would be a facultative nutritional symbiont of the spider (i.e. [77, 78] for Mesoplasma 299 in insects), we would expect it to be present in most investigated members of a species or population.
300
Alternatively, it could be a symbiont of the spider prey, which is more likely since Mesoplasma and 301 its relatives are very common symbionts of insects [42, 77, 78, 86, 87] . Considering that Mesoplasma was 302 found only in the midgut and fecal pellets, it can be assumed that it is prey-derived and its presence 303 within the host is transient. especially from their diet, as is the case in some insects [11] . For instance, across many butterfly 312 species, the larval microbiome largely reflects the microbiome of the food plant's leaves [12] . To test 313 the hypothesis of a partly prey derived microbiome for A. bruennichi, future studies could sequence 314 both the microbial and prey communities, by combining the methods used in our study with gut 315 content sequencing, as described in [88] . Different prey communities between populations and 316 individuals (at the time of sampling) could lead to the differences observed in our study.
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We found no significant differences in the microbial community between tissue types, with or 
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Our study is the first to look into the localization of microbial symbionts in spider tissues. The
380
principle discovery is that of a novel symbiont, which was found to dominate the microbiome of all 381 individuals and tissue types investigated. Its characteristics, such as low sequence identity to other 382 bacteria and possible vertical transmission, suggest that it may belong to a novel clade of bacterial 383 endosymbionts, with a tight association to its host. Although inference is limited by sample size, our 384 findings highlight the need for more holistic microbiome studies across many organisms, which will 385 increase our knowledge of the diversity and evolution of symbiotic relationships.
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Supplementary Materials: The following are available online at www.mdpi.com/xxx/s1, Table S1 : Taxonomy 387 Table, File S1: Sequence Processing Script, File S2: Data Analysis Script, Table S2 : 
